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Changes in energy codes in recent years have resulted in stricter requirements for 
energy efficiency for all building types. With respect to light-frame wood construction, 
these changes have brought about new approaches to construction techniques, one of 
which uses rigid foam insulation between the framing members and exterior oriented 
strand board (OSB) sheathing. Placing this insulation layer between the framing members 
and exterior sheathing reduces the capacity of a wood shear wall to resist lateral loading. 
The objectives of this research were to identify the behavior of walls constructed using 
insulated OSB panels; examine fastener properties that influence the lateral capacity of 
these walls; and increase insulated OSB shear wall capacity by selecting fasteners which 
optimize the performance of these walls.  
Fastener connection tests were performed first to identify the effects of lateral 
loads on different fastener properties. These results were then used to model wood shear 
wall behavior and predict overall capacity and deflection of insulated OSB shear walls. 
Full-scale shear wall tests were conducted and the results were compared to the model 
predictions to see how well the model performed. Changing the geometry and properties 
of the fasteners used for constructing shear walls with insulated OSB sheathing can help 
to recover some of the shear capacity lost as a result of having a “gap” between the 
framing members and exterior sheathing of these walls. Using non-traditional fasteners 
(i.e. longer fasteners, larger diameter fasteners, screws) and different fastener spacing 
schedules can yield comparable shear design values for this type of wall system when 
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Chapter 1. Introduction 
1.1 Background 
Light-frame wood construction is the primary building method for residential and 
light commercial structures and represents the largest portion of buildings in the United 
States. In recent years, light-wood framing has become a growing trend in midrise 
commercial and residential structures in part because of its economical construction 
technique, its wide availability of materials, and more recently because of its 
sustainability (APA 2007).  
With recent attention focused on climate change and energy consumption, 
changes in energy codes are requiring more energy efficient structures. For example, 
building energy code changes for the state of South Carolina require a 20 percent 
reduction in energy use relative to the year 2000 by 2020, whereas North Carolina has 
designated energy consumption reductions by 30 percent for 2015 relative to 2003-2004 
rates (U.S. Department of Energy 2013). With these ever stricter energy requirements, 
new techniques or materials are being developed to help achieve these goals. 
One approach to increase energy efficiency in structures is to maintain continuous 
insulation around the entire building envelope using insulated oriented strand board 
(OSB) panels which have rigid insulation attached to their interior surface. These 
insulated OSB panels are different than structural insulated panels (SIPs) because the 
insulation is not sandwiched between 2 layers of OSB; only one layer of OSB is used and 




insulation between the framing members and OSB sheathing aiming to prevent any 
thermal bridges between the interior and exterior of the building, thus reducing the 
amount of energy lost. Given these new regulations and possible implications on 
construction techniques, research must be performed to ensure that the structural integrity 
and serviceability of the building will not be compromised while attempting to achieve 
these energy goals. 
 
 





1.2. Shear Wall Function 
For light-frame wood construction, lateral loads applied to the structure during 
wind or seismic events are transferred to the foundation through a lateral force resisting 
system (LFRS). Wood frame shear walls are the primary component of the LFRS in this 
construction type and, therefore, must be given careful consideration in structural design. 
A simple description of the lateral load path is as follows: the lateral load is transferred 
from the out-of-plane wall (perpendicular to the load application), through the horizontal 
diaphragms, to the shear walls, and into the foundation. The connections between these 
components are critical to the integrity of the structural system. 
The insulated OSB panels tested in this research do not necessarily change the 
global load path for lateral forces, but the wall behavior may be different given the new 
configuration of this wall system (i.e. framing member adjacent to rigid insulation which 
is attached to the sheathing). The yield load for a connection with insulation between the 
framing member and sheathing panel is significantly decreased (Aune and Patton-
Mallory 1986a). 
1.3. Shear Wall Research 
Shear wall testing has evolved considerably since the 1930s as researchers have 
gained a better understanding of wall behavior and capacity. Static tests were performed 
initially to identify the racking behavior of wood shear walls and investigate their 
strength when subjected to lateral loads. Cyclic and shake table tests where subsequently 
introduced to provide more realistic behavior and shear capacity of these walls 




time as well. Shirazi (2012) provides a good summary of different shear wall testing 
protocols used over the past 15 years. 
Shear wall performance under lateral loads has received considerable attention 
over the past few decades with a variety of different models attempting to simulate wall 
behavior under lateral loading. Gupta and Kuo (1985) proposed a model simulating shear 
wall behavior considering wall and stud deformation. According to their results the nail 
force-slip characteristics primarily govern wall behavior while bending of studs and the 
sheathing stiffness are secondary factors.  
Schmidt and Moody (1989) introduced a model for characterizing not only shear 
wall behavior, but also that of floors and roofs allowing them to predict the behavior of 
the entire structure. This model predicted the nonlinear response of light-frame structures 
subjected to lateral loads by building on previous work which considered sheathing panel 
behavior and load-slip curves for fasteners. For this model, 3-dimensional racking of the 
wall was modeled by considering the translation and rotation of diaphragms and how 
they distributed loads to the shear walls. 
Folz and Filiatrault (2001) presented a model for predicting the load-displacement 
response and dissipation of energy of wood shear walls subjected to cyclic lateral loads. 
This model which was incorporated into a computer program called CASHEW (Cyclic 
Analysis of SHEar Walls) has gained wide acceptance in the light-frame wood research 
community. It considers the nonlinear behavior of the sheathing-to-framing fasteners and 





The research projects mentioned above are just a few examples of shear wall 
models that have been presented over the years. For a more comprehensive review of the 
history of shear wall testing and modeling, the reader is referred to van de Lindt (2004). 
1.4. Research Objectives and Organization 
The objectives of this research project are to evaluate the shear capacity and 
behavior of walls constructed with insulated OSB panels subjected to lateral loads, with 
the goal of obtaining a wall system that would attain similar design values as traditional 
light-frame wood construction shear walls for wind and seismic events. This process was 
achieved through identifying key fastener properties that would increase the initial 
stiffness and overall maximum load capacity of these walls; modeling the fastener 
connections for a standard-sized wall specimen; and comparing actual shear wall test 
results to the model predictions. 
The small-scale fastener connection tests are discussed in Chapter 2. Monotonic 
and cyclic tests were performed for single fastener connections to identify fastener 
hysteresis parameters which could then be input into an existing shear wall model for 
predicting the wall restoring force versus displacement response. The influence of 
connection geometry on joint shear capacity and fastener failure modes is presented. 
Chapter 3 addresses the procedure used for modeling full-scale shear walls using 
the parameters obtained from the fastener connection tests. Results for the different 
fasteners for different thicknesses of insulation are presented with respect to maximum 
capacity and the deflection of 8 ft. × 8 ft. walls. The relationships between fastener 




Results from full-scale shear wall tests for selected fasteners are presented and 
compared with the predicted values from the model in Chapter 4. Differences between 
test results and predictions are examined. Alternative options to increase the shear 
capacity for this wall system are presented. 
Chapter 5 provides a brief summary of the results obtained from the tests 
performed for the project and offers concluding remarks about the behavior of these 




Chapter 2. Fastener Connection Tests 
2.1 Introduction 
 One of the most important aspects of light-frame wood shear wall performance is 
the connection between the sheathing and framing members. The properties of the 
fasteners responsible for this connection do influence the capacity of the wall and 
therefore must be given careful consideration. Changing fastener type, size, geometry, or 
spacing can have significant impacts on the amount of force that a wall can resist; and the 
capacity of the shear wall can be designed to optimize performance depending on loading 
conditions (e.g. high wind or seismic events).  
 Single fastener connection tests are relatively inexpensive tests, that require 
minimal time to perform but can provide essential information about fastener properties 
which can then be used to model shear wall performance at a larger scale. To obtain the 
necessary data for modeling, monotonic tests were performed to identify the reference 
displacement values for each fastener type. These values were then used to conduct cyclic 
tests for each fastener type. While monotonic tests provide information about the 
backbone curve for a particular connection, they are not representative of reversed cyclic 
dynamic loadings (e.g. seismic loads) which occur in real-world structures. Cyclic tests 
provide more realistic results applicable to actual conditions.  
2.2 Methodology 
Fastener connection tests were performed to help identify important properties of 




thicknesses of insulation (1 in. and 2 in.) were used for these tests and a different series of 
fasteners were tested with each insulation thickness. These two thicknesses of insulation 
were tested because they are the thicker insulated OSB panels currently available. 
Monotonic and cyclic tests were conducted to obtain data necessary for modeling the 
fastener connection behavior, which was then scaled up to full-size shear walls (8 ft. x 8 
ft.) and used to determine which fasteners would be the most appropriate candidates for 
full-scale shear wall testing. 
2.2.1. Fastener Connection Test Specimens 
Specimens for the small-scale connection tests were constructed using a single 2 
in. x 4 in. nominal Douglas fir framing member (18 in. long) that had a 6 in. x 8 in. OSB 
sheathing panel (0.4375 in. thick) with rigid polyisocyanurate (polyiso) foam insulation 
(6 in. x 6 in.) affixed to its interior face. The OSB and insulation were attached to the 
framing member using a single fastener located 0.75 in. from the sheathing edge and 4 in. 
from the sheathing top and bottom, therefore placing the fastener in the center of the 
small face of the 2 x 4 and the middle of the sheathing and insulation. (Figure 2.1)  For 
all screw fasteners and large diameter nail fasteners, a pilot hole (70 percent of the 
fastener shank diameter) was drilled to facilitate connection of the two components and 
ensure the fastener entered the sheathing and framing member perpendicular to the 
direction of applied force. 
The average specific gravity for the framing members for the fastener connection 
tests was 0.55 with an average moisture content of 8.3% (obtained from 2 moisture meter 





Figure 2.1. Specimen for fastener connection tests. 
 
The specimen was inserted into a frame which held the framing member and the 
OSB sheathing in place while a vertical force was applied to the specimen parallel to the 
grain of the wood and the in the direction of the length of the 2 x 4 (Figure 2.2). The 
setup was designed so that the applied force would be concentrated at the interface of the 
framing member and foam insulation and thus transfer the load as a shear force to the 




to each other was essential to prevent any rotation from occurring at the fastener 
connection thus preventing any eccentricity at the connection location and helping to 
ensure that the applied load was acting in shear at the fastener. Rollers in the frame also 
aided in smooth movement of the framing member and reduced the effect of friction on 
the specimen. 
The connection tests were separated into two groups, one for each insulation 
thickness. Determination of fasteners to be tested was based on input from industry 
experts familiar with fastening systems and insulated OSB panels. Group #1, which was 
associated with 1-in. thick polyiso insulation, included six different fasteners: 3 nails and 
3 screws (Table 2.1, Figure 2.3). A commonly used nail for fastening OSB sheathing in 
light frame wood construction is the 0.131 smooth nail; therefore, this nail was included 
to give baseline data to compare with other fasteners. Since shank geometry can affect 
shear wall capacity (Langlois 2004, Sartori and Tomasi 2013), a 0.131 ring shank nail 
was tested to evaluate the effects of shank deformation (rings) on the fastener’s shear 
capacity, whereas the 0.148 smooth nail was tested to compare how shank diameter 





Figure 2.2. Fastener connection test setup. 
 
While it is generally accepted knowledge that screws typically have higher shear 
capacity than nails, nails are more economical for construction. Screws were tested to 
examine their shear capacity relative to that of nails to provide a more complete 
understanding of shear wall behavior using different fastener types. Three different 




Strong-Tie were included in the test matrix. Bend yield tests were performed on all 
fasteners used in this research by Simpson Strong-Tie according to ASTM F 1575 
(ASTM 2013). The stainless steel screw bend yield strength (80,668 psi) was similar to 
the nails’ bend yield strengths allowing the comparison of a screw thread to that of a 
smooth shank as well as a ring shank nail. To assess the effect of bend yield strength on 
shear capacity, carbon screws with higher bend yield strengths (144,917 psi) were 
selected for testing. The prototype screw, which had a larger head and shank diameter, 
allowed for the examination of fastener head and shank geometry effects on shear 
capacity. All fasteners were 3-in. long to ensure adequate penetration into the framing 
member. All of these fasteners are currently available “off-the-shelf” (i.e. can be readily 
purchased) except for the prototype screw. 
 
















Bend Yield  
Strength (psi) 
0.131 Nail Carbon 0.131 3 Smooth 0.281 105,909 
0.131 Nail Carbon 0.131 3 Ring 0.281 95,364 
0.148 Nail Carbon 0.148 3 Smooth 0.281 105,116 
Stainless 
steel screw 
Stainless 0.129 3 Screw 0.344 80,668 
Carbon 
screw 
Carbon 0.138 3 Screw 0.335 144,917 
Prototype 
screw 






Figure 2.3. Fasteners tested with 1-in. insulation OSB sheathing: A) 0.131 smooth nail; B) 0.131 ring nail; C) 
0.148 smooth nail; D) stainless steel screw; E) carbon screw; and F) prototype screw. 
 
Group #2 was comprised of larger diameter fasteners which were tested with 2-in. 
polyiso insulation (Table 2.2, Figure 2.4). The thicker insulation resulted in a longer 
moment arm for the fastener; therefore, increasing shank diameter and head size were 
hypothesized to help recover some of the shear capacity that would be lost as a result of 
the new connection configuration (i.e. “gap” or insulation between framing member and 
OSB). For these tests, six nails and seven different screws were examined. All fasteners 
were 4-in. long, thus providing sufficient embedment length into the framing member. Of 
these fasteners, the 0.162 smooth shank nail, 0.203 ring shank nail, deck screw with 




Drive® wood screw with hexagonal head (SDWH194), GRK rugged structural screw 
(GRK-RSS), and the Strong-Drive® wood screw with flat head (SDWS224) are currently 
available and used in various capacities for construction. 
 
 



















Carbon 0.148 4 Smooth 0.300 87,051 
0.148 hard 
shoulder nail 
Carbon 0.148 4 Smooth 0.300 243,723 
0.162 shoulder 
nail 
Carbon 0.162 4 Smooth 0.330 106,836 
0.162 smooth 
nail 
Carbon 0.162 4 Smooth 0.365 106,041 
0.162 ring nail Carbon 0.162 4 Ring 0.365 105,442 
0.203 ring nail Stainless 0.203 4 Ring 0.410 71,876 
New DSV screw Carbon 0.142 4 Screw 0.390 172,050 
DSV screw Carbon 0.142 4 Screw 0.337 205,566 
Stainless steel 
screw 
Stainless 0.169 4 Screw 0.438 85,141 
SIPLD screw Carbon 0.190 4 Screw 0.625 191,546 
SDWH194 
screw 
Carbon 0.195 4 Screw 0.640 190,000 
GRK-RSS screw Carbon 0.199 4 Screw 0.620 215,867 







Figure 2.4. Large diameter fasteners used for 2-in. insulation tests: A) 0.148 unhardened shoulder nail; B) 
0.148 hardened shoulder nail; C) 0.162 shoulder nail; D) 0.162 smooth nail; E) 0.162 ring nail; F) 0.203 ring 
nail; G) new DSV screw; H) DSV screw; I) stainless steel screw; J) SIPLD screw; K) SDWH194 screw; L) GRK-
RSS screw; and M) SDWS224 screw. 
 
Three of the nails were designed specifically by Simpson Strong-Tie for these 
tests by adding a “shoulder” just beneath the head of the 0.148 and 0.162 nails (Figure 
2.5). The purpose of this shoulder was to fill any space around the nail shank as it was 
driven into the sheathing, resulting in a tighter connection and increasing the initial 
stiffness of the system. The 0.148 shoulder nail was also heat-treated to observe the 
effects of increased bend yield strength on the shear capacity with the intent of being able 
to use less material (i.e., smaller shank diameter) while increasing the shear capacity. The 
head size for the 0.162 nail was modified to test the influence of head diameter on the 
capacity of the specimen. As with the 1-in. insulation tests, shank geometry was 
hypothesized to help increase the capacity of the connection by reducing the possibility 




matrix. For comparison with the different shank diameters, shank geometries, and head 
diameters, a 0.162 smooth shank nail was tested. 
Large diameter screws with different bend yield strengths, shank diameters, and 
head diameters were tested to see how these variables influenced the overall capacity of 
the connection. Shank diameters ranged from 0.142 in. to 0.220 in. and screw head 
diameters varied from 0.337 in. to 0.750 in. Bend yield strength for the screws were 
between 85,141 psi and 220,626 psi.  
 





2.2.2 Monotonic Tests 
Monotonic tests were performed to generate the backbone curve for each fastener 
type and identify the initial stiffness, the maximum load, and the reference displacement. 
Three specimens were tested for each fastener; however, if variability of more than 20% 
was recorded for the specimens, additional specimens were tested (up to a total of five). 
A force was applied to each specimen using a Tinius Olsen Universal Testing 
Machine (UTM) at a rate of 0.1 in/min., as defined by the standard procedure for testing 
mechanical fasteners in wood - ASTM D1761-12 (ASTM 2012). Time, force, and 
displacement were recorded during the entirety of each test. Tests were conducted until 
connection failure which resulted in either shear of the fastener, withdrawal of the 
fastener from the framing member, or pull-through of the fastener in the sheathing. 
Connection failure type (shear, withdrawal, or pull-through) was recorded and fastener 
yield mode was identified according to the connection yield limit equations in the 
National Design Specifications (NDS) for Wood Construction, also known as the 
European Yield Mode Equations (AWC 2012).  
A reference displacement (Δr) for each fastener was computed by determining the 
post peak displacement associated with 80 percent of the peak load and then multiplying 
that displacement by 60 percent (Krawinkler et al. 2000). The average for fastener tests 
was used as the reference displacement for conducting cyclic tests. 
2.2.3. Cyclic Tests 
A modified version of the CUREE loading protocol (Krawinkler et al. 2000) was 




allow for computer modeling of the wall system using M-CASHEW2, a MATLAB code 
developed by Pang and Shirazi (2013). M-CASHEW2 was created by modifying the 
Cyclic Analysis of Shear Walls (CASHEW) model created by Folz and Filiatrault (2001) 
to address some of the deficiencies and assumptions made by the latter model.  
The CUREE protocol was developed to provide a more realistic testing procedure 
for studying the effects of earthquake ground motion events on wood-frame structures. 
This procedure uses cyclic loading for initiation, primary, and secondary (trailing) cycles 
of different amplitudes to evaluate the capacity of wood structure components subjected 
to simulated seismic ground motions.  The typical loading procedure for this protocol was 
modified for these tests by eliminating the initiation cycles and reducing the number of 
trailing cycles for the first 2 primary cycles from six to four (Figure 2.6, Table 2.3). 
These changes were made because calibration prior to any testing was performed, which 
was assumed to serve the same purpose as the initiation cycles before each test; and in 
order to reduce the amount of time required to complete each test. A total of 190 cyclic 
tests were performed.  
Ten specimens for each fastener type were subjected to cyclic testing (for both the 
1-in. and 2-in. test series) using the same setup as discussed for the monotonic tests, 
except for the displacement being applied in a reversed cyclic motion in the up and down 
direction. The loading protocol applied to the specimen was displacement controlled and 
determined based on the reference displacement obtained from the monotonic tests. (See 







Figure 2.6. Modified CUREE loading protocol procedure. 
 
 
Table 2.3. Modified CUREE loading protocol cycles 









0.075 1 0.0563 4 
0.1 1 0.0750 4 
0.2 1 0.150 3 
0.3 1 0.225 2 
0.4 1 0.300 2 
0.7 1 0.525 2 
1.0 1 0.750 2 
1.5 1 1.125 2 
2.0 1 1.500 2 
 
Time, force, and displacement were measured for each specimen during the tests 
and type of connection failure (shear, withdrawal, or pull-through) was noted. The force 
and displacement measurements were then input into the Modified Stewart (MSTEW) 




original hysteretic model from Stewart (1987), to generate a hysteretic model for each 
test using 10 different parameters: Ko, r1, r2, r3, r4, Fo, Fi, Δ, α, and β (Figure 2.7), where  
K0 = initial stiffness 
r1 = secondary stiffness factor 
r2 = post-ultimate capacity stiffness factor 
r3 = unloading stiffness factor 
r4 = pinching stiffness factor 
F0 = y-intercept for tangent line for the backbone curve 
Fi = y-intercept for zero displacement 
Δ = displacement at ultimate load 
α = stiffness degradation factor 
β = strength degradation factor 
 
These parameters were averaged for the 10 specimens of each fastener to produce a 
single hysteretic model for that particular fastener. 
 





2.2.4. Fastener Yield Limit Equations 
Ultimate yield values for each fastener were calculated using the NDS yield limit 
equations (AWC 2012) and the general dowel equations for lateral connection values 
considering a gap between the main member and side member (AWC 2014). The 
predicted yield mode was also compared to that which was observed from monotonic 
testing. These values were compared to the test results to identify their applicability for 
the wall system used in this research project.  
 
2.3 Results 
2.3.1. Monotonic Tests 
Results from the monotonic tests for the 1-in. insulation connection tests indicated 
that all nails had lower capacities than the screws, as expected (Table 2.4). The 0.131 
smooth nail had the lowest overall maximum load and initial stiffness while the 0.131 
ring nail and the 0.148 smooth nail showed similar results. The prototype screw had the 
highest maximum load while the carbon screw had the highest initial stiffness. Yield 
modes for the nails and screws were also different as the 0.131 smooth nail was classified 
as mode IIIm characterized by a withdrawal failure type. The 0.131 ring nail, 0.148 
smooth nail, and prototype screw demonstrated mode IIIs yielding with head pull-through 
and crushing of the sheathing fibers. The stainless steel screw and carbon screw showed 



























202 70 0.35 3226 324 0.10 IIIm Withdrawal 
0.131 ring 
nail 
312 47 0.15 4110 821 0.20 IIIs Pull-through 
0.148 smooth 
nail 
300 45 0.15 3728 404 0.11 IIIs Pull-through 
Stainless 
steel screw 
437 76 0.17 3363 307 0.09 IIIs Pull-through 
Carbon screw 395 24 0.06 4274 360 0.08 IIIs Shear 
Prototype 
screw 
438 40 0.01 4012 206 0.05 IIIs Pull-through 
 
For the 2-in. insulation, the same trend was observed where the screws 
demonstrated higher capacities for maximum loads than the nails, except for the DSV 
screw which had the smallest shank diameter and one of the smaller head diameters. 
Comparison of the 0.162 ring nail with the 0.203 ring nail indicated that shank and head 
diameter may be important factors when trying to increase the shear capacity of an OSB 
panel with thicker insulation located between the sheathing and framing member. 
Comparison of the various 0.162 nail configurations also indicated that deformation of 
the shank (either ring or adding a shoulder) increased the connection capacity and 
stiffness. 
Head size appeared to be correlated to greater maximum loads for the screws as 
the smallest head diameter (0.337 in – DSV screw) had the lowest capacity while 
increasing head diameter resulted in greater maximum load, with the SDWS (largest head 




A clear trend was not evident regarding initial stiffness and screw shank, head 
diameter, or bend yield strength. The stainless steel screw had the second highest initial 
stiffness value for all fasteners within this group yet had one of the smaller shank 
diameters, lower bend yield strengths, and medium head diameters, which was 
unexpected. These results indicate that just adding more material to the fastener does not 
translate into optimal performance for the shear connection. 
All fasteners showed similar yield modes and failure types with crushing of the 
OSB panel and head pull-through. For each fastener a plastic hinge formed at the 
interface between the framing member and the insulation (Table 2.5). 
 






















223 26 0.12 2889 181 0.06 IIIs Pull-through 
0.148 hard 
shoulder nail 
285 20 0.07 2787 264 0.09 IIIs Pull-through 
0.162 shoulder 
nail 
254 39 0.15 3189 172 0.05 IIIs Pull-through 
0.162 smooth 
nail 
190 20 0.10 2671 296 0.11 IIIs Pull-through 
0.162 ring nail 245 33 0.13 2697 263 0.10 IIIs Pull-through 
0.203 ring nail 313 60 0.19 3250 84 0.03 IIIs Pull-through 
New DSV screw 329 34 0.10 2730 369 0.14 IIIs Pull-through 
DSV screw 268 93 0.35 2683 164 0.06 IIIs Pull-through 
Stainless steel 
screw 
334 21 0.06 3343 443 0.13 IIIs Pull-through 
SIPLD screw 408 57 0.14 3441 284 0.08 IIIs Shear 
SDWH194 screw 334 34 0.10 3455 247 0.07 IIIs Pull-through 
GRK-RSS screw 337 52 0.14 3053 526 0.17 IIIs Pull-through 






2.3.2. Cyclic Tests 
For the cyclic tests, all fasteners except for the 0.131 smooth nail showed lower 
capacity (15 percent or less) than that which was observed for the monotonic tests 
(Tables 2.6 and 2.7). Failure types were also different between the monotonic and cyclic 
tests with the cyclic tests primarily failing due to low-cycle fatigue. Similar to the 
monotonic tests, all nails had lower capacity and initial stiffness values compared to the 
screws. However, the 0.131 ring shank nail demonstrated the lowest values for the nails 
as shear failure occurred between the rings and the rings created more deformation 
around the nail shank at the insertion point in the sheathing, thus reducing the initial 
stiffness for these connections.  


























284 39 0.14 3409 817 0.24 280 Withdrawal 
0.131 ring nail 272 55 0.20 3230 453 0.14 272 Shear 
0.148 smooth 
nail 





394 45 0.11 3905 321 0.08 388 Shear 
Carbon screw 355 32 0.09 4306 332 008 349 Shear 
Prototype 
screw 



















































211 31 0.15 3124 397 0.13 234 Withdrawal 
0.162 ring nail 238 36 0.15 2791 545 0.20 242 
Pull-
through 
0.203 ring nail 289 28 0.10 2953 665 0.22 299 Shear 
New DSV 
screw 
261 37 0.14 3193 300 0.09 267 Shear 
DSV screw 223 29 0.13 2901 149 0.05 231 Shear 
Stainless steel 
screw 
334 45 0.14 3450 395 0.11 321 Shear 
SIPLD screw 359 39 0.11 3134 240 0.08 364 Shear 
SDWH194 
screw 
388 36 0.09 3316 315 0.09 409 Shear 
GRK-RSS screw 405 55 0.14 3117 396 0.13 420 Shear 
SDWS224 
screw 
422 58 0.14 3212 665 0.21 445 Shear 
 
Comparing the backbone curves for all fasteners showed good agreement between 
the monotonic tests and cyclic tests except for the 0.131 smooth nail (Appendix B). For 
this fastener, the backbone from the cyclic tests was noticeably higher than that from the 
monotonic tests. This anomaly was due to the withdrawal of the fastener during the cyclic 
tests. For the monotonic tests, if the fastener withdrew from the framing member the head 
of the fastener stayed flush with the sheathing while the framing member continued to 
move farther away from the sheathing, which worked well with the original test frame 




the case of fastener withdrawal this resulted in the fastener head working its way out of 
the sheathing and being forced out of the framing member. The withdrawal of the 
fastener could only proceed to a certain distance at which point the fastener head came 
into contact with the metal plate of the test frame. This prevented further withdrawal of 
the fastener and translated into higher capacity of the connection than actually existed, 
thus resulting in a different backbone curve. Once this issue was identified, a hole was 
drilled into the metal plate of the test frame to allow the fastener to withdrawal fully 
without producing additional resistance on the connection joint. This issue only affected 
the 0.131 smooth nail cyclic tests as they were the first to be performed. After making the 
necessary adjustments, the subsequent tests proceeded as expected and this “withdrawal 
artifact” of the data was no longer an issue. 
2.3.3 Fastener Yield Equations 
Ultimate yield values computed from the European Yield Mode (EYM) Equations 
(AWC 2012) and the modified equations considering a gap between the two members 
(AWC 2014) were compared to the design values computed from the fastener connection 
tests (Table 2.8) to ensure that these accepted models provided acceptable predictions for 
the insulated OSB panels. It would be expected that the gap values would be more similar 
to the test results given the connection geometry. The longer moment arm acting on the 
sheathing and fastener head would reduce the amount of force required to yield the 
fastener. The gap yield equations provided more similar values as the design values for 
the monotonic tests but there was considerable variability. The percent difference 




percent. The higher values were associated with the 3-in stainless steel screw, 4-in 
stainless steel screw, and the New DSV screw. The variability in these values may be 
partly attributed to the small sample size (3-5 samples) for the monotonic tests.  
The EYM equations could be considered for comparison to see how the insulation 
gap influenced the connection capacity. The fasteners tested with the 1-in. insulation 
demonstrated reductions up to 59 percent as a result of the insulation gap. These values 
are similar to those obtained by Aune and Patton-Mallory (1986b) which indicated 
differences of 41 to 74 percent for 1-in. polystyrene; however, they only tested a single 
fastener. The small sample size may also have contributed to these differences. The 2-in. 
insulation fasteners demonstrated reductions from 49 to 69 percent. Since different 
fasteners were used for the two insulation thicknesses, direct comparison between these 
differences cannot be made. However, by increasing the shank and head diameters of the 
fasteners and changing the fastener geometry, the capacity lost as a result of the increased 
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Equations 























40 IIIm 97 IIIs 33 IIIs 
0.131 ring 
nail 
62 IIIs 94 IIIs 30 IV 
0.148 smooth 
nail 
60 IIIs 117 IIIs 41 IIIs 
Stainless 
steel screw 
87 IIIs 88 IIIs 25 IV 
Carbon screw 79 IIIs 116 IIIs 42 IV 
Prototype 
screw 




45 IIIs 111 IIIs 21 IV 
0.148 hard 
shoulder nail 
57 IIIs 161 IIIs 48 IIIs 
0.162 
shoulder nail 
51 IIIs 137 IIIs 29 IIIs 
0.162 smooth 
nail 
53 IIIs 137 IIIs 29 IIIs 
0.162 ring 
nail 
49 IIIs 137 IIIs 22 IIIs 
0.203 ring 
nail 
63 IIIs 153 IIIs 32 IIIs 
New DSV 
screw 
66 IIIs 130 IIIs 28 IIIs 
DSV screw 54 IIIs 139 IIIs 31 IIIs 
Stainless 
steel screw 
67 IIIs 137 IIIs 28 IIIs 
SIPLD screw 82 IIIs 211 II 54 IIIs 
SDWH194 
screw 
67 IIIs 212 IIIs 56 IIIs 
GRK-RSS 
screw 
67 IIIs 213 II 63 IIIs 
SDWS224 
screw 
92 IIIs 217 II 76 IIIs 
Note: 
a
 – Design value for fastener connection tests computed by dividing the maximum load by 5 (ICC-ES 






2.4 Discussion and Summary 
The geometry of fasteners has received considerable attention in past research. 
Leichti and Kurtz (2009) demonstrated reduced capacity (approximately 8 percent lower 
than published allowable unit shear values) for shear walls constructed with case head 
nails as compared to full round head nails and clipped head nails. But they stated that nail 
head geometry has little effect on the stiffness of the shear wall. However, results from 
Hunt and Bryant (1990) indicated nails with different head geometries could affect the 
connection stiffness with square-shoulder headed nails resulting in greater stiffness 
values than sloped-shouldered (bugle) headed nails.  
Ekiert and Hong (2006) measured the capacity of a nailed connection using 
0.4375-in OSB and 0.131 smooth nails to be 288 lbf with a reference displacement of 
0.76 in., similar to the results obtained here (202 lbf and 0.97 in. for maximum capacity 
and reference displacement, respectively). 
Pellicane (1993) tested 240 nailed joints and measured maximum loads and 
predicted yields. For the 8d nail with 0.5-in. plywood, the maximum load was 489 lbf and 
for the 0.148 nail with 0.5-in plywood, the maximum load was measured to be 570 lbf. 
Comparing results obtained from the monotonic tests on insulated OSB, these values 
were considerably lower (202 lbf and 300 lbf for the 8d and 0.148 nails, respectively), but 
the yield modes were similar in that a single plastic hinge formed in the nails at the 
framing-sheathing interface (nail slip-plane). 
Dolan et al. (1995) obtained a maximum capacity of 369 lbf for 0.148 smooth 




recorded for this research. The capacities for the monotonic tests conducted for this 
research were slightly lower. The difference between these two tests showed a 21 percent 
reduction in connection capacity as a result of the 1-in. insulation interlayer.  
Adding a gap, due to insulation located between the faming member and 
sheathing, changes the geometry of the connection and thus affects the load transfer 
mechanism and behavior of the joint. The moment arm for the fastener is increased as the 
gap size increases which results in reduced capacity of the joint. For a detailed 
description of the force interactions and effects of gaps on shear and moment of the 
connection, refer to the General Dowel Equations for Calculating Lateral Connection 





Chapter 3. Shear Wall Modeling 
3.1. Introduction 
Modeling of shear walls, other building components, or even entire structures 
allows a better understanding of the forces, dynamics, and behavior of the structure in 
question. Several models have been developed over the years to simulate the capacity, 
displacement, and overall behavior of wood shear walls. As technology has progressed 
modeling capabilities have increased and thus provide better representations of real-world 
conditions using more accurate models. While these models are simplifications of 
complex interactions occurring within the structure and its components, they have proved 
to simulate actual shear wall tests extremely well (Folz and Filiatrault 2001, Judd and 
Fonesca 2005, Shirazi 2012).  
A commonly used model today, CASHEW (Cyclic Analysis of SHEar Walls) 
(Folz and Filiatrault 2000), has been tested extensively for light-frame wood shear walls 
and has shown good agreement with actual shear wall tests. For this research, a modified 
version of CASHEW model, M-CASHEW2 (Matlab – Cyclic Analysis of SHEar Walls 
version 2) (Pang and Shirazi 2013), was used to predict shear wall capacity based on 
fastener parameters obtained from monotonic and cyclic single fastener tests. These 
simulations aided in the identification of which fastener properties could be modified to 






Shear wall modeling was performed using M-CASHEW2, a MATLAB version of 
CASHEW. M-CASHEW2 addresses some of the limitations associated with CASHEW 
(i.e. no uplift, non-flexibility of framing members and contact between the framing 
members, and shear slip of anchor bolts). Another advantage of M-CASHEW2 is that the 
program allows modeling of the wall connections using an orientated spring pair model 
and co-rotation of the fasteners. The spring orientation model better estimates the 
connection stiffness because the force and spring stiffness change relative to the 
displacement direction (Judd and Fonesca 2005). The co-rotation model provides more 
accurate prediction of shear wall backbone and cyclic curves (Pang and Shirazi 2013). 
Parameters obtained from the cyclic fastener connection tests and the MSTEW 
parameter estimation were input into M-CASHEW2. Modeling of 8 ft. x 8 ft. wall with 
different fastener attributes as well as different fastener spacing schedules was performed 
and the performance comparison between the different fasteners was made, thus aiding in 
the decision of which of the 13 fasteners should be used for full-scale shear wall testing. 
Validation of this model would allow modeling of other fasteners (or combination of 
fasteners) using a variety of fastener configurations to determine which combinations 
might optimize this wall system’s performance when subjected to different types and 
magnitudes of lateral forces. 
3.2.1 Generating Shear Walls for Modeling 
 ASTM E72 (ASTM 2013) and AC 269.2 (ICC-ES 2013) were used as guidance 




ft. x 8 ft. walls with 24-in. stud spacing, a single sill plate, and a double top plate were 
created in the modeling program. Two 4 ft. x 8 ft. panels were attached to the framing 
members with the long axis in the vertical direction, providing blocking on all the panel 
edges (Figure 3.1). Properties of the framing members and panels were assigned based on 
the actual material used in the fastener connection tests and the full-scale shear wall tests: 
2 x 4 Douglas fir lumber for the framing and 0.4375-in. OSB sheathing for the panels. 
The top plates and sill plate were modeled as non-flexible members with pinned 
connections to all vertical studs. These connections were assumed to be rigid springs with 
high stiffness values.  
 
 
Figure 3.1. Shear wall model for M-CASHEW2: 8 ft. x 8 ft. wall with studs spaced 24 in. on-center. 
 
Two different spacing schedules were used for the fastener connections: 4-in. 




center for the field fasteners (referred to as 4/12); and 3-in spacing on-center for the edge 
fasteners with 6-in. on-center spacing for fasteners located in the field (referred to as 3/6). 
Fasteners located around the perimeter of the panels were placed 0.375 in. from the edge.  
A pushover analysis was performed to generate a monotonic backbone for each 
wall/fastener configuration. The maximum load, displacement at maximum load, 
displacement at wall failure, ultimate limit, and drift limit were identified for each case. 
The 10 parameters determined from the cyclic testing (Ko, r1, r2, r3, r4, Fo, Fi, Δ, α, and β – 
see Section 2.2.3) were input into the model for each fastener. Wall failure was defined as 
80 percent of the maximum load. The ultimate limit was calculated by finding the load 
per unit length, multiplying that by a correction factor for specific gravity (0.92) and 
dividing by a safety factor of 3 (Equation 3.1). The drift limit was defined as the load 
associated with 0.2 in. deflection of the shear wall divided by the wall length. (See AC 
269.2 (ICC-ES 2013) for a more detailed description.) The smaller of these two numbers 
would then been be used as the design value.  
 
𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝐿𝑖𝑚𝑖𝑡 =
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐿𝑜𝑎𝑑 (𝑙𝑏𝑓)∗𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡
𝑊𝑎𝑙𝑙 𝐿𝑒𝑛𝑔𝑡ℎ∗𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟
 (Eq. 3.1) 
 
3.3. Modeling Results 
3.3.1 Results for panels with 1 in. insulation 
Modeling results for the sheathing with 1-in. insulation demonstrated a higher 




both spacing schedules (Table 3.1). For all cases the drift limit controlled the design 
value for this wall setup with ranges of 177-213 plf and 218-267 plf for the 4/12 and 3/6 
spacing schedules, respectively.  
Comparison of displacements at the maximum load and ultimate failure between 
the two fastener schedules differed generally by less than 0.15 in. However, the 
difference between displacements at maximum load and ultimate load for each fastener 
showed a wider range depending on the stiffness and failure mode for the fastener 
connection. For example, 8d and 0.148 smooth nails were characterized by withdrawal 
failure in the connection tests and demonstrated much greater differences between 
maximum displacement and yield displacement than all other fasteners.  
The percent differences between 3/6 spacing and 4/12 spacing with respect to the 











































8160 5.35 7.40 313 1574 197 
0.131 ring 
nail 








9570 3.80 4.55 367 1697 212 
Carbon 
screw 
9100 3.35 4.00 349 1791 224 
Prototype 
screw 





11010 5.40 7.30 422 1907 238 
0.131 ring 
nail 








12910 3.95 4.65 495 2038 255 
Carbon 
screw 
12340 3.45 4.10 473 2135 267 
Prototype 
screw 
14730 3.90 4.65 565 2039 255 
a 
Ultimate failure of the wall was selected as 80% of the maximum load. 
b
 Ultimate Limit was determined by dividing the maximum load by the wall length, multiplying by an 
adjustment factor for specific gravity, and dividing by a safety factor of 3. 
 
The 0.131 ring nail exhibited the lowest capacity of all fasteners given its small 
head diameter, small shank diameter, and low initial stiffness. This fastener typically 
failed in shear at the smaller section of the deformed shank (i.e. in-between the rings) 
during the cyclic fastener connection tests. The carbon screw had a higher drift limit 




tests, whereas the prototype screw demonstrated the highest ultimate limit which 
appeared to be correlated with head diameter. Regression analysis of fastener properties 




Figure 3.2. Correlation of fastener head diameter with ultimate limit (a) and drift limit (b) and initial 
stiffness with ultimate limit (c) and drift limit (d) for 1 in. insulation shear walls. Note: Ultimate and drift 
limits represent 3/6 fastener spacing. 
 
3.3.2 Results for panels with 2 in. insulation 
Capacity for the large diameter fasteners used with the 2 in. insulation was 
generally lower than that of the 1 in. insulation shear walls, as expected. The differences 
between nails vs. screws were less dramatic in part because 3 nails and 1 screw tested 
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were designed specifically for this wall system. The shoulder nails were created to 
increase the initial stiffness of the fastener connection by adding material below the nail 
head making that portion of the shank (“the shoulder”) larger than the rest of the shank, 
thus creating a tighter fit where the nail head contacted the sheathing. The newly 
developed screw (referred to as New DSV screw) modified a previous screw by 
increasing the head size and decreasing the length of screw thread so that it would not 
extend into the framing-insulation slip plane (Figure 3.3). These changes yielded higher 
drift limits as compared to ring- or smooth-shank nails or smaller head diameter fasteners 
(0.162 nails and DSV screw).  
One of the shoulder nails was also heat treated to increase its bend yield strength 
with the idea that its stiffness and shear capacity would increase as well. For this fastener 
(0.148 hard shoulder nail), the heat treatment increased the ultimate load as well as the 
drift load as compared to the untreated 0.148 shoulder nail. 
As seen with the 1 in. insulation modeling, M-CSAHEW2 predicted a higher 
ultimate limit than drift limit for all fasteners for both spacing schedules. The SDWS224 
screw had the highest capacity of all fasteners with a maximum loading of 11,670 lbf 
(and highest ultimate limit of 447 plf) as well as the highest drift limit of 192 plf (Table 
3.2). The 0.148 shoulder nail had the lowest maximum load (5180 lbf) while the 0.162 




   
Figure 3.3. Modifications made to the DSV screw to enhance its shear capacity when used with 2 in. 
insulation OSB. 
 
With respect to wall displacement, the 0.162 smooth nail had the largest wall 
displacement at maximum load and ultimate failure indicating that these walls were more 
ductile than walls with other fasteners. On the contrary, the light-duty structural insulated 
panel (SIPLD) screw had the least amount of displacement and the smallest displacement 
difference between the maximum load and ultimate failure suggesting that these walls 
would experience sudden, brittle failure. 
Trends for 3/6 fastener capacities (Table 3.3) were similar to those observed in the 
modeling using 4/12 spacing. The differences between the two spacing schedules were 30 
































5180 5.60 7.00 199 1319 165 
0.148 hard 
shoulder 
7360 4.95 7.10 282 1364 171 
0.162 
shoulder 
6280 4.60 7.40 241 1453 182 
0.162 
smooth 
7200 7.30 9.65 276 1430 179 
0.162 ring 5740 5.00 6.80 220 1093 137 
0.203 ring 8200 4.80 6.55 314 1406 176 
New DSV 
screw 
7040 4.70 5.90 270 1338 167 
DSV screw 6270 4.80 6.50 240 1259 157 
Stainless 
steel screw 
8570 5.75 7.55 329 1459 182 
SIPLD screw 8700 3.60 4.30 334 1480 185 
SDWH194 
screw 
10470 5.15 6.15 401 1522 190 
GRK-RSS 
screw 
10900 5.20 6.30 418 1496 187 
SDWS224 
screw 
11670 5.75 7.00 447 1533 192 
a 
Ultimate failure of the wall was selected as 80% of the maximum load. 
b
 Ultimate Limit was determined by dividing the maximum load by the wall length, multiplying by an 







































6980 5.65 6.85 268 1639 205 
0.148 hard 
shoulder 
9920 5.05 7.05 380 1692 212 
0.162 
shoulder 
8470 4.65 7.45 325 1790 224 
0.162 
smooth 
9710 7.40 9.65 372 1760 220 
0.162 ring 7750 5.05 6.90 297 1393 174 
0.203 ring 11050 4.90 6.75 424 1730 216 
New DSV 
screw 
9490 4.80 5.90 364 1671 209 
DSV screw 8460 4.85 6.45 324 1580 198 
Stainless 
steel screw 
11560 5.80 7.55 443 1799 225 
SIPLD screw 11880 4.35 4.45 455 1808 226 
SDWH194 
screw 
14130 5.20 6.25 542 1854 232 
GRK-RSS 
screw 
14710 5.30 6.40 564 1823 228 
SDWS224 
screw 
15750 5.85 7.10 604 1861 233 
a 
Ultimate failure of the wall was selected as 80% of the maximum load. 
b
 Ultimate Limit was determined by dividing the maximum load by the wall length (per unit area), 
multiplying by an adjustment factor for specific gravity, and dividing by a safety factor of 3. 
 
Regression analyses for the 2 in. fasteners showed positive associations of shank 
diameter (R
2
=0.616) and head diameter (R
2
=0.860) with ultimate limit – increasing shank 
diameter or head diameter correlated with a higher ultimate limit (Figure 3.4). However, 
fastener properties that one might assume to be correlated with drift limit (e.g. shank 








Figure 3.4. Regression analyses for 2-in. fasteners with respect to ultimate limit and drift limit predicted 
by M-CASHEW2: a) and b) shank diameter; c) and d) head diameter; e) and f) bend yield strength; g) and 
h) initial stiffness.  
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3.4 Discussion and Summary 
Validation of M-CASHEW2 for shear wall modeling has been addressed in 
previous research and showed good agreement between model results and actual shear 
wall tests. A comprehensive analysis of M-CASHEW2 was performed by Shirazi (2012) 
where he compared model results from four different shear wall experiments. In all cases, 
M-CASHEW2 did well in predicting the general trend of the shear walls’ backbone 
curves for monotonic tests, but the accuracy of absolute values for the model and tests 
varied, which were attributed to different materials used (e.g. 0.131 smooth nails vs. 8d 
box nails) or variability in wood properties 
Other studies demonstrated differences between 6-10 percent for the displacement 
at ultimate load while the ultimate load itself was 5-18 percent different using the 
CASHEW model (Judd and Fonesca 2005) and indicated initial stiffness may be 
overestimated while peak load and post-peak behavior displacement may be 
underestimated (Li 2007). However, the overall reliability of the models for predicting 
shear wall response under different shear wall test scenarios has been proven to be 
relatively accurate. 
The results presented here showed that shear walls constructed with nails had 
lower capacities than those constructed with screws for both insulation thicknesses. 
Decreasing the fastener spacing (and thus increasing the number of fasteners per wall) 
yielded increases in shear capacities of approximately 20-30 percent. The overall capacity 
may actually be overestimated where values of more than 8160 lbf and 5180 lbf were 




(Folz and Filiatrault 2001), 4586 lbf (Judd and Fonesca 2005) and 6901 lbf (Fonesca et 
al. 2009) for conventional shear wall construction. It would be expected that including a 
layer of insulation between the sheathing and framing members would decrease the shear 
capacity of the wall; however, the different fastener spacing schedules and non-traditional 
fasteners used could be contributing to the higher than expected shear wall strengths, as 
was initially hypothesized. Performing actual shear wall tests with this wall system and 
comparing those results with the predicted values demonstrated that the model used for 
this research showed good agreement between the overall values and behavior of the wall 
(see Chapter 4).  
Comparing the amount of material for each fastener and the results from the 
modeling scenarios can provide a better idea as to which fastener may be more efficient 
in its performance. For example, in the 1-in. insulation tests the difference between the 
amounts of steel used for stainless steel screw was 12 percent less than for the prototype 
screw yet the difference in drift limit (controlling value) between these two fasteners was 
negligible. Therefore, it could be argued that the stainless steel screw would be a better 
choice. The same could be said for the carbon screw vs. the prototype screw where there 
as a 5 percent difference in steel but the carbon screw achieved a higher drift limit than 
the prototype screw (with less material). For the 2-in. insulation, the New DSV screw had 
approximately 40 percent less material than the SDWS screw but only a difference of 11 
percent in the drift limit. The SIPLD screw also contained less steel than the SDWS 




other factors must be considered (i.e. cost of each fastener, failure type of the fastener, 
rate of installation, etc.) when deciding which fastener to use. 
Identifying fastener properties that affect wall behavior would be important to 
help better understand the dynamics of the structure and allow one to make certain 
changes based on objectives of that particular situation. As discussed previously in 
Chapter 2, the geometry of the fastener can be important for influencing the shear 
capacity of walls. According to results presented, the shank diameter and head diameter 
of the fastener appeared to be correlated with the ultimate limit for shear wall design and 
initial stiffness of the connection had a positive correlation with the drift limit. Trends 
identified for fastener properties and design values in single-fastener tests also need to be 





Chapter 4. Full-Scale Shear Wall Tests 
4.1 Introduction 
Full-scale shear wall tests were performed to evaluate the capacity of the 2-in. 
insulated OSB panels and to compare the test results with predictions from M-
CASHEW2 models previously developed from small-scale fastener connection tests. 
Preliminary tests were performed using 1-in. insulated OSB with 0.131 smooth nails to 
compare with previous tests and ensure that the setup and results were comparable. 
Assuming the model can accurately predict shear wall capacity and behavior under static 
loads, different scenarios with a variety of fasteners could be used to help maximize the 
performance of this wall system providing better performance of these walls under lateral 
loading for actual structures. This would give design professionals another option for 
increasing light-frame wood construction energy efficiency while not modifying the 
existing construction techniques for this structure type.  
A comprehensive evaluation of wood shear wall testing and modeling was 
provided by van de Lindt (2004); however, new products, materials, and technologies 
continue to be introduced in this field. Research on these materials must be performed to 
better understand how these innovations affect the structures in which they are 
incorporated. The results presented are intended to help expand the knowledge of how 
continuous insulation can affect shear wall capacity when placed between the framing 





Monotonic shear wall tests were performed on eight, 8 ft. x 8 ft. wood shear walls 
sheathed with insulated OSB panels to identify the shear capacity of this wall system. 
Four different fasteners were used for these tests with two replicates per fastener. The 
amount of lateral load applied to the wall was recorded until the wall reached failure 
(defined as 80 percent of the maximum load) and wall deflection was measured. Behavior 
of the wall components (framing members, OSB sheathing, and fasteners) were 
documented and compared to an existing shear wall model to examine how well the 
model could predict the performance of this shear wall system. 
4.2.1 Test Setup 
The shear wall test frame was intended to be used for a variety of different wall 
types and various shear wall tests and has the capacity to accommodate up to 50 kips of 
applied lateral load. The configuration of the frame was such that a lateral force can be 
applied to the wall through a “spreader bar” attached directly to an actuator by a 0.5-in. 
thick base plate (Figure 4.1). The spreader bar was a 6 in. x 6 in. x 0.25 in. hollow steel 
section that was kept in place by two brackets with rollers which ensured smooth, 
straight-line horizontal movement. Two upright I-sections provided out-of-plane stability 
and were used as reference points for measuring wall displacement. These uprights 
served as the mounting locations for the brackets. The spreader bar was attached to the 
wall specimen using 0.625-in. threaded rods through which the force was transferred 






Figure 4.1. Setup for shear wall test frame with wall specimen.  
 
The bottom of the frame was an 18-in. I-section with 8-in. flanges turned on its 
side forming a channel where the base of the wall was attached to the frame by a timber 
spacer that was permanently affixed to the frame. Four footers (W6x25 sections) attached 
to the frame bottom were anchored directly to the concrete slab floor. 
Tie down rods using high-strength, 1-in. diameter steel coil rods, 11 ft. long were 
attached directly to the flanges of the bottom I-section and passed through a roller sitting 
on top of the spreader bar. This roller allowed the tie rods to remain vertical as the 
spreader bar moved horizontally when a lateral force was applied to the wall. The 
purpose of the tie rods was to serve as hold-downs as the wall was not anchored to the 




A single ended actuator with a capacity of 146 kips was used for this test setup. 
The actuator had a stroke length of 42 in. and an internal force transducer with a capacity 
of 110 kips. It was attached to the shear wall frame in a horizontal position using four, 1.5 
in. bolts and suspended with two large chains from turnbuckles with jaw fittings on each 
end. The actuator was controlled through a computer interface which controlled the rate 
of load application and recorded time, displacement of the actuator hydraulic piston, and 
the force applied. 
4.2.2 Wall Construction 
Shear wall construction followed ASTM E72 (ASTM 2013) specifications. 
Framing members were kiln-dried 2 x 4 nominal Douglas fir lumber, structural grade, 
Class C. Specific gravity was calculated by measuring the dimensions of each timber, 
obtaining its weight, and determining its moisture content with a moisture meter. Only 
those lumbers that had a specific gravity within ±0.3 of the accepted standard for Douglas 
fir (0.5) were used (ASTM 2013). Moisture content of the lumber averaged 8.2 percent.  
Each wall consisted of a single sill plate, double top plate, and studs spaced 24 in. 
on-center. Additional studs were placed 0.75 in. from the end studs to which they were 
“stitched” using six 16d common nails that were 3.5 in. long and spaced 6 in. apart at the 
top, middle, and bottom of the stud. This configuration created a space-column providing 
additional stiffness to the wall while minimizing the amount of material used. The studs 
were connected to the sill plates using two 16d common nails. The double top plate was 
connected using two 10d common nails spaced 4 in., 18 in., and 34 in. from each end of 




splitting in the wood given the large number of nails concentrated at these locations. All 
nails for the framing members were installed using a pneumatic palm-nail tool. 
For the 1-in. insulated OSB panels, a 3/6 fastener spacing was used for 0.131 
smooth nails, 3.25 in. long. The nails were placed 0.375 in. from the panel edges and 
offset 1 in. along the seam where the two panels abutted each other. This configuration 
replicated tests performed previously to ensure that the test frame and wall setup used for 
this project produced results comparable to previous tests. All panel-to-frame nails were 






Figure 4.2. Shear wall configuration for full-scale shear wall tests. A slight modification to this setup was 






The 2-in. insulated panels where installed using the same technique as the 1-in. 
panels except, the fastener spacing was 4/12 and pilot holes were drilled for each panel-
to-frame fastener to ensure the fastener would be oriented at the correct angle to penetrate 
the framing member properly. Based on the modeling results and discussions with 
experts familiar with the materials used for this wall system, it was decided to use the 
0.148 shoulder nail, 0.148 hardened shoulder nail, New DSV screw, and the SIPLD 
screw for full-scale shear wall testing with the 2-in. insulated panels. As mentioned 
previously, the shoulder nails and New DSV screw were developed specifically for these 
insulated OSB panels for shear wall construction. These fasteners were designed to 
increase the initial stiffness of these walls and increase the maximum load the walls could 
sustain. The SIPLD screw is used frequently for rigid foam insulation and is readily 
available; therefore, it was included in the test series. 
Nails were installed using the palm nail tool whereas screws were installed with a 
standard electric drill. The heads of the fasteners were placed flush with the sheathing 
face except for the SIPLD screw, which would cause excessive damage to the panel 
around the fastener head if it had been driving flush with the sheathing face. 
4.2.3. Testing Protocol 
Each wall was attached to the test frame using four, 0.5-in. bolts spaced 24 in. 
apart for the sill plate and three, 0.625-in. threaded rods spaced 32 in. apart for the top 
plate. The top plate was connected to the spreader bar, through which the force from the 
actuator was transferred to the wall. String potentiometers were attached to the top right 




potentiometers were used to measure drift (Δ1), sliding (Δ2), uplift (Δ3), and compression 
(Δ4) of the wall allowing for accurate measurement of total wall deflection (Figure 4.3). 
Tie rods were used as hold downs as per ASTM E72 (ASTM 2013) and tightened to the 
standard’s specifications.  
The loading protocol required a force to be applied at a uniform rate of 400 
lb./min. until reaching 3 different target loadings: 790 lbf (Stage 1); 1570 lbf (Stage 2); 
and 2360 lbf (Stage 3). After attaining each target loading, the force was removed from 
the wall at the same rate as it was applied until no load remained acting on the wall. The 
specimen was then allowed to “rest” for 5 minutes before the next stage began (ICC-ES 
2013). At the completion of Stage 3, the wall specimen was loaded until failure, which 
was defined as 80 percent post-peak of the maximum load. Data points were recorded 
every 0.25 sec. for the actuator force, actuator displacement, and string potentiometers for 
the entirety of the test. 
Once failure of the wall was achieved, documentation of the wall’s condition was 
recorded by noting the locations of high stress (locations of fastener failure), identifying 
failure mode of each wall fastener and its location, and photographic evidence of unusual 
wall behavior (e.g. splitting of sill plate or buckling of framing members). 
Two walls were tested for each fastener type unless the variation between the 
specimens was greater than 15 percent, at which point a third wall would be added to the 
test matrix. Test results presented below showed none of the wall specimens exceeded 




Comparisons between the test results and the models created using M-CASHEW2 
were made to identify how well the model predicted each wall’s shear capacity. 
Regression analysis was performed to examine relationships between fastener properties 
and wall shear capacity and stiffness. 
 
 
Figure 4.3. Shear wall test setup showing locations of string potentiometers (Δ1, Δ2, Δ3, and Δ4). 







4.3.1 Shear Wall Testing 
Preliminary tests to verify the equipment and test procedure were working 
properly yielded results similar to those obtained in previous shear wall tests performed 
by the Huber Engineered Woods using 1-in. insulated sheathing. Therefore, 2-in. 
insulation shear wall tests were subsequently performed without making any changes to 
the testing protocol discussed above.  
The 0.148 shoulder nail demonstrated the lowest capacity attaining a maximum 
load of 4520 lbf whereas the SIPLD had a significantly greater capacity of 7370 lbf 
(Table 4.1). These values translated into ultimate limits of 173 plf and 223 plf, 
respectively. These results were expected as the 0.148 shoulder nail had the lowest bend 
yield strength, smallest head diameter, and smallest shank diameter. Increasing the bend 
yield strength resulted in a slightly higher capacity (5811 lbf) as evidenced by comparing 
the unhardened nail with the hardened nail. The final wall deflection at failure was 
identical between the two nails (4.538 in.) but the drift limit differed, likely due the 
stiffness of the fastener itself. For both nails, the ultimate limit was lower than the drift 
limit and therefore would be considered the design value for these walls.  
Comparison between the two screw fasteners showed the smaller diameter screw 
(New DSV) had a lower capacity and greater drift than the SIPLD screw. Ultimate limits 




In contrast to the nail fasteners, the screws had lower drift limits than ultimate limits 
giving them design values of 193 plf (New DSV screw) and 218 plf (SIPLD screw) based 
on these test results. Shank diameter, head diameter, and bend yield contributed to the 
differences in capacity. However, the bend yield strength probably had less influence on 
the overall capacity as once that value exceeds 145,000 psi there is little difference in 
shear wall performance (Anderson et al. 2007). But the bend yield strength did affect the 
failure mode of the fastener and thus the overall failure of the wall. 
 
Table 4.1. Full-scale shear wall test results for maximum load, deflection, ultimate limit and drift limit for 




















































283 (15.2) 0.05 218 (28.7) 0.13 218 
a
 – Ultimate limit was calculated by dividing the maximum load by the length of the wall, multiplying by a 
specific gravity adjustment of 0.92 (for Douglas fir) and dividing by a safety factor of 3. 
b
 – Drift limit was determined as the load present when the wall reached 0.2 in. deflection. 
 
As demonstrated in the fastener connection tests (Chapter 2), the failure 
mechanisms for these fasteners were different. Table 4.2 summarizes the failure modes 
observed for all fasteners for the full-scale shear wall tests. The nails experienced 
withdrawal, pull-through, and edge tear-out failure but differed in the dominant failure 




predominantly failed by pulling through the sheathing and experienced more shank 
deformation than observed for the hardened 0.148 shoulder nail, which failed mostly by 
withdrawal from the framing members (Figure 4.4a and b). 
For the screw fasteners, the New DSV screw showed the highest percentage of 
edge tear-out among all fasteners and a predominant failure mode of pull-through. 
Deformation of the screw primarily occurred as a single hinge located at the framing-
insulation interface (Figure 4.4c). In contrast, the SIPLD screw had the highest 
percentage of non-failure but the screws that did fail usually did so in shear. This 
behavior resulted in a sudden wall failure whereas the other fasteners demonstrated a 
more gradual failure response.  
 
Table 4.2 Failure mode of fasteners for full-scale shear wall tests. 
Fastener 
Failure Mode (%) 





10.1 15.2 58.9 2.8 0.0 158 
0.148 hard 
shoulder nail 
23.1 63.9 21.5 5.1 0.0 158 
New DSV 
screw 
9.5 0.0 69.9 19.9 0.0 158 







Figure 4.4. Failure for each fastener from full-scale shear wall testing: a) 0.148 shoulder nail; b) 0.148 
hardened shoulder nail; c) New DSV screw; and d) SIPLD screw.  
 
Regression analysis of fastener properties with shear wall results for ultimate limit 
and drift limit indicated positive relationships with the ultimate limit for initial stiffness 
(R
2
 = 0.820) and fastener head diameter (R
2
 = 0.685) and a positive relationship between 
the drift limit and bend yield (R
2
 = 0.652) (Appendix C). While conclusions drawn from 
these comparisons may be tenuous given the small sample size, the relationships seem 
logical as it would be expected that increasing head diameter could increase shear wall 
capacity by requiring greater force to pull a larger fastener head through the sheathing; 
and higher bend yield strengths would be associated with higher loads necessary to reach 
the 0.2-in. drift limit criterion.  
The behavior of the sheathing panels as the walls were subjected to lateral loads 




corners as the panel rotated around its centroid. Failure first occurred at the bottom corner 
closest to where the load was being applied to the wall. As this fastener failed, stresses 
were redistributed to other fasteners. The seam between the two panels also experienced a 
higher amount of stress compared to other portions of the wall.  
For the SIPLD screw, the panel corners typically failed as the screw would tear 
out of the sheathing; but the screws adjacent to the corner fasteners and the majority of 
the screws along the middle seam all failed in shear. The remainder of the fasteners did 
not fail or showed only slight yielding at the framing-insulation interface. For the other 
fasteners, failure occurred around the perimeter of both sheathing panels with the 
fasteners at the corners and along the top of the wall tending to showed tear-out failures. 
Fastener pull-through more commonly occurred along the sides and bottom of the walls. 
In the case of the 0.148 hardened nail the areas of highest stress were characterized by 
withdrawal failure. 
The rigid insulation offered little resistance to the lateral forces applied to the 
wall. In all specimens, tears in the insulation were observed where the fasteners 
experienced high stress. Compression of the insulation at locations of high fastener stress 
was also observed resulting in a dimpled-looking appearance along the edge of the panel. 
While the polyiso insulation has a compressive strength of 22 psi, it contributed little if 
any shear resistance. 
Regarding the behavior of the framing members during full-scale shear wall 
testing, the majority of the deflection occurred along the top plate where the load was 




observed on the end stud closest to the load application. Separation of interior studs from 
the sill plate and top plate were observed during most tests but little if any deformation of 
the studs was noted. Splitting of the sill plate and/or middle stud (seam between the 
sheathing panels) did not occur for any of the tests. 
4.3.2. Comparison of Test Results with Modeling 
Models created using M-CASHEW2 were compared to full-scale shear wall test 
results to see how well the existing model predicted wall behavior. In all cases the 
backbone from M-CASHEW2 had a similar shape as the test results; however, values at 
0.2-in. wall deflection were under-predicted by the model while the maximum loads of 
the model were higher than the shear wall tests results (Figure 4.5). For the 0.148 
shoulder nail, the differences between the actual tests and the model drift limit and 
maximum load were 14 percent; the hardened 0.148 shoulder nail had a difference of 
approximately 16 percent for both drift limit and maximum load; the New DSV screw 
differed by 11 percent and 6 percent for the drift limit and maximum load, respectively; 
and the difference for the SIPLD screw was 16 percent for both values. In all cases the 
model was within 20 percent of the actual test results. 
The discrepancy in drift limit values between the model and test results was 
probably a result of the variability in the initial stiffness for these connections. As seen in 
the fastener connection tests (Chapter2), the variability in initial stiffness can be fairly 
significant (Shirazi 2012). For this wall system the variability would probably be even 




framing members. Depending on how much force was applied when connecting the 
sheathing to the framing, the initial stiffness values could be affected. 
Over prediction of the model most likely resulted from the manner in which the 
fastener connection tests were performed. In the small-scale tests, the force was applied 
strictly in the vertical direction; therefore no connection could fail with the fastener 
tearing through the side of the sheathing since the end distance was considerably larger in 
the connection tests (3 in.) versus the shear wall tests (0.375 in.). However in the full-
scale shear wall tests, the panels rotated and the trajectory of force could be in the 
direction of the shorter distance to the edge of the panel resulting in tear-out failure, 
which was documented to occur. Additionally, M-CASHEW2 does not take into account 
tear-out as a failure mode; therefore, it would reasonable for the model to over-predict the 






Test 1, 212.20 
Test 1, 591.49 
Test 2, 179.42 




















0.148 shoulder E72-Test1 0.148 shoulder E72-Test2 M-CASHEW2a) 
Drift Limit (plf) Maximum Load (plf) 
Test 1, 675.12 
Test 1, 228.12 
Test 2, 230.03 



















0.148 shoulder hard E72-Test1 0.148 shoulder hard E72-Test2
M-CASHEW2b) 
Drift Limit (plf) 






Figure 4.5. Backbone curves for full-scale shear wall tests and M-CASHEW2 models: a) 0.148 shoulder nail; 
b) 0.148 hardened shoulder nail; c) New DSV screw; and d) SIPLD screw. 
 
Test 1, 209.90 
Test 1, 809.18 
Test 2, 176.26 





















New DSV E72-Test1 New DSV E72-Test 2 M-CASHEW2c) 
Drift Limit (plf) 
Maximum Load (plf) 
Test 1, 237.97 
Test 1, 956.44 
Test 2, 197.34 




















SIPDL E72-Test1 SIPDL E72-Test2 M-CASHEW2d) 
Drift Limit (plf) 




Post peak behavior was also different between the actual tests and the model as 
the model tended to predict a gradual decrease in capacity following the maximum load, 
whereas the shear wall test results showed a more rapid decrease in post peak loading as 
the wall failed. The exception was the SIPLD fastener which in both the model and test 
results demonstrated dramatic loss in capacity as the fasteners failed in shear. 
Design values for a single fastener based on the shear wall tests yielded numbers 
higher than those predicted using the gap yield equations discussed in Chapter 2 (Table 
4.3). For the gap yield calculations, the shoulder for the 0.148 nails was not considered in 
the computations possibly accounting for the differences between the shear wall and gap 
yield values for the shoulder nails. The differences between shear wall values and gap 
yield equations for the screws may be a result of the gap yield equations not considering 
head diameter, which as shown previous can contribute to the capacity of the wall. The 
predicted mode failure agreed with the predominant failure mode observed following the 
shear wall tests. 
 
Table 4.3. Fastener yield values from shear wall testing and gap yield equations. 
Fastener 












10d shoulder nail 26 IV 21 IV 
10d hard 
shoulder nail 
33 IIIs 48 IIIs 
New DSV screw 42 IIIs 28 IIIs 
SIPLD screw 47 IIIs 54 IIIs 
Note: 
a
 – design values for single fasteners from the shear wall tests were determined by calculating the 




4.4. Discussion and Summary 
The shear wall tests conducted for this project demonstrated that different 
properties of the fasteners used in wall construction influenced overall capacity of the 
wall. Even with a gap between the sheathing and framing members, an acceptable design 
value for structural applications can be achieved with this wall system by changing the 
fastener type, geometry, and/or spacing. While test procedures and wall configurations 
may vary between research projects, comparisons with other studies can demonstrate how 
these walls can be engineered to have similar shear capacity as traditional light-frame 
wood shear walls while providing extra energy efficiency without altering the 
construction technique (Table 4.4).  
Folz and Filiatrault (2001) obtained a maximum load of 3912 lbf for their 
monotonic test of an 8 ft. x 8 ft. OSB wall constructed with 16-in. on-center stud spacing, 
0.375-in. thick panels, and 2-in. spiral nails spaced 6-in. on-center. They noted a 
difference between the CASHEW model and test results of 26 percent which was 
attributed to the small sample size and construction quality. Tests described in this 
research attained considerably higher overall capacities and less variability between the 
test results and model predictions; however, the shape of the model backbone curve 
relative to the test results were similar between the two studies.  
Results presented by Dinehart and Shenton (1998) showed a maximum load of 
6834 lbf for walls constructed with studs spaced 16-in. on-center and 0.5-in OSB 




maximum loads measured for 2-in. insulated OSB panels fastened with screws for tests 
conducted by this project. 
Monotonic shear wall tests performed by Seaders et al. (2009) achieved a 
maximum capacity of 5472 lbf for walls with studs spaced 24-in. on-center with 0.438-in. 
OSB panels fastened with 8d nails with a 6/12 spacing. However, the walls tested also 
had gypsum board applied to the side opposite the OSB which would result in a stiffer 
wall. Failure modes for the fasteners were noted as pull-through. Similarly, Salenikovich 
and Dolan (2003) recorded a maximum capacity of 5450 lbf for 0.438-in. OSB walls 
fastened with 8d common nails to studs spaced 16-in. on-center. These results were 
similar to those obtained for the shear wall tests using 0.148 shoulder nails presented 
here. 
Stiffness values varied considerably between different studies: 8222 lbf/in. (Folz 
and Filiatrault (2001)); 4244 lbf/in. (Salenikovich and Dolan (2003)); 3203 lbf/in. (Judd 
and Fonesca (2005)); 6909 lbf/in. (Seaders et al. (2009)); 7993 lbf/in. (Sinha and Gupta 
(2009)), but were in general considerably greater than those recorded for the insulated-
OSB shear walls, as would be expected. The longer lever arm for the fastener given the 2-
in. gap for the insulated OSB panels between the sheathing and framing member resulted 






















Folz and Filiatrault 
(2001) 





6 in. 3912 8222 
Dinehart and 
Shenton (1998) 
8x8 ft.; 16-in stud 
spacing (SPF) 
0.5-in. OSB 8d nails 4 in./12 in. 6834 11473 
Seaders et al. (2009) 




8d nails 6 in./12 in. 5472 6909 
Sinha and Gupta 
(2009) 




8d ring nails 4 in./12 in. 8633 7993 
Judd and Fonesca 
(2005) 





6 in. 4586 3203 
Salenikovich and 
Dolan (2003) 





6 in./12 in. 5450 4244 
Note: 
a
 – species of wood for framing members indicated as Douglas-fir (DF) or spruce-pine-fir (SPF).  
 
To illustrate this reduced capacity further, the design values for the fasteners with 
insulated OSB panels are considerably less than those for typical light-frame wood shear 
walls. As demonstrated by the gap yield equations and design values calculated from the 
shear wall tests for each fastener, the capacity is considerably reduced when introducing a 
“gap” between the sheathing and framing timber (Aune and Patton-Mallory 1986b). The 
configuration of this connection affects the forces acting on the fastener thus changing 
the behavior of the connection and overall performance of the wall. 
With respect to previous tests on the same OSB used in this research, however, 
without any insulation attached, a design value of 433 plf was obtained (Pu, personal 
communication), which is significantly higher than those measured for insulated OSB. 
However, there are options that can help increase the shear capacity of these insulated 
OSB panels: decreasing fastener spacing; using larger panels (e.g. 8 ft. x 8ft. vs 4 ft. x 8 
ft.); making the smaller panels function like a large panel by connecting the panels 




where they contact the framing members, to mention a few. It should also be noted that 
stud spacing for these tests was 24-in. on-center while common wall construction uses 
16-in. on-center spacing. Reducing the stud spacing would also help increase the stiffness 
and capacity of walls constructed with these panels. 
Design values for wood shear walls are typically based on monotonic tests. While 
the shear values presented in this study can be considered adequate for structural 
purposes in some situations, it should be noted that the monotonic tests performed to 
produce these values do not necessarily represent realistic loads for shear walls. Dynamic 






Chapter 5. Summary and Conclusions 
Results presented from tests conducted to examine the shear capacity light-frame 
wood walls constructed with insulated OSB panels demonstrated the potential for using 
these materials for engineered shear walls under certain loading situations. Fasteners with 
varying properties were tested to identify which attributes were more influential on shear 
wall capacity and behavior and thus target fastener geometry changes that could be made 
to increase the performance of these walls.  
By adding insulation between the sheathing panel and framing members, the 
geometry of the connection joint was altered, essentially creating a gap between the two 
components which reduced the shear capacity of these walls. As this gap was increased, 
the capacity of the connection decreased. Small-scale fastener connection tests helped to 
identify different fastener properties which were important to regain some of the shear 
capacity lost as a result of the walls’ configuration. Monotonic and cyclic tests were 
performed on two different thicknesses of insulation (1-in. and 2-in.) attached to 0.438-in. 
OSB sheathing and DF framing. Different types of nails and screws were used for these 
tests to identify properties that helped increase the capacity of this connection 
configuration. In both types of tests, it was demonstrated that screws performed better 
than nails with respect to maximum load and initial stiffness values. However, failure 
type for the fasteners was different between the monotonic and cyclic tests. The 
monotonic tests primarily failed by the fastener head pulling through the sheathing 




deformations to the shank of the fastener and increasing the head diameter increased the 
connection shear capacity. 
Data obtained from the fastener connection tests were then input in to a shear wall 
model (M-CASHEW2) to predict full-size (8 ft. x 8 ft.) wall shear capacity and behavior. 
Two different fastener spacing schedules were modeled (4-in. edge spacing with 12-in. 
field spacing vs. 3-in. edge spacing with 6-in. field spacing). Ultimate limit and drift limit 
were calculated for each spacing/fastener configuration for comparison. In all cases, the 
drift limit was less than the ultimate limit, thus controlling the design value. The 4/12 
spacing yielded lower results with drift limit values all less than 200 plf, whereas the 3/6 
spacing had approximately 18 percent greater drift limits. The same trends were observed 
for both insulation thicknesses although the capacity for the 2-in. insulation walls were 
lower than the 1-in. walls. From these tests it was shown that screws had higher 
capacities than nails and that certain properties of the fastener were related to increased 
ultimate limit (head and shank diameters) and drift limit (initial stiffness). Results from 
the modeling guided the selection of which fasteners to test for full-scale shear walls. 
The full-scale shear wall tests examined the capacity of two nails and two screws 
for the 2-in. insulated OSB. Three of these fasteners (0.148 shoulder nail, 0.148 hardened 
shoulder nail, and the New DSV screw) were developed specifically for application using 
this wall system. The modifications to the fasteners were intended to increase the 
maximum load and/or the initial stiffness of these walls. The fourth fastener tested is 




The shear wall tests showed that the walls constructed with nails were governed 
by drift limit with values of 173 plf and 223 plf for the 0.148 unhardened and hardened 
shoulder nails, respectively. For the screws, the ultimate limit controlled with the New 
DSV screw obtaining a design value of 193 plf and the SIPLD screw a design value of 
218 plf. Results from these tests indicated the hardened 0.148 shoulder nail had the 
highest design value.  
Failure of each fastener type for the shear wall tests was also recorded. Different 
dominant failure modes were identified for each fastener with the 0.148 unhardened 
shoulder nail failing primarily by head pull through; the hardened 0.148 shoulder nail was 
characterized by withdrawal failure; the New DSV screw failed primarily by pull 
through, but also demonstrated the greatest number of edge tear failures; and the SIPLD 
screw primarily failed by shear.  
Results from these tests confirmed the validity of the gap mode equations for 
predicting design values for light-frame wood construction connections when insulation 
is placed between the exterior sheathing and framing members. The correct yield mode 
was predicted for each of the fasteners using these equations. 
This research showed that insulated OSB panels can be used for wood frame 
shear walls following traditional construction techniques, but the capacity of walls built 
using this system is lower than those without rigid insulation between the framing 
members and sheathing. Using fasteners with different geometric properties helped to 
recover some of the lost shear capacity, but there was still a reduction in capacity of 




Further research (e.g. cyclic shear wall tests) needs to be performed to better 
predict loading conditions on these types of walls during wind or seismic events. 
Additional modeling can be conducted to help optimize shear wall design by changing 
fastener spacing schedules or using a combination of different fasteners in strategic 
locations to resist areas of high shear stress. Slight modifications to the insulated panels 
can also be made to further increase the shear capacity of this wall system without 











Appendix A – Reference Displacement Values for Fastener 
Connection Tests 
 
The method for obtaining the reference displacement values for the fastener 
connection tests (Table A.1) followed Krawinkler et al. (2000). These values were then 
input into a graphic user interface (GUI) in MATLAB (Figure A.1) that controlled the 
displacement rate and magnitude for the UTM during the reverse cyclic fastener 
connection tests. The sampling rate was set to 100 data points per second and the cross-
head stopping time was set to 0.5 seconds. This factor was used to coordinate the cross-
head motion with the change in displacement direction. Preliminary tests indicated that a 
value of 0.5 seconds provided a close synchronization between the signal sent from the 





Table A.1. Reference displacement (Δr) for each fastener type used for connection tests. (Reference 
displacement was computed using the displacement associated with 80 percent of the post peak load 
multiplied by 0.60.)  
 
Group #1: 1-in. 
insulation 
Fastener Name 
80% Post Peak 
Displacement – Δm (in) 
Reference 
Displacement - Δr 
(in) 
0.131 smooth nail 1.616 0.970 
0.131 ring nail 1.007 0.604 



















0.162 smooth nail 1.277 0.766 
0.162 ring nail 1.253 0.752 
0.203 ring nail 1.232 0.739 
New DSV screw 1.178 0.707 




SIPLD screw 1.155 0.693 
SDWH194 screw 1.233 0.740 
GRK-RSS screw 1.317 0.790 















Figure B.1a. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.1b. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.1c. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.1d. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.1e Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.1e. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2a. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2b. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2c. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2d. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 









Figure B.2e. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2f. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2g. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2h. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2i. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2j. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2k. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2l. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 






Figure B.2m. Comparison of backbone curves for monotonic test and cyclic model (averaged for all tests 










Fastener K0 r1 r2 r3 r4 F0 Fi Δ α β 
0.131 smooth 
nail 
3409.4 0.0446 -0.0624 1.616 0.0053 162.21 65.007 0.9103 0.8876 1.240 
0.131 ring nail 3229.6 0.1023 -0.3027 1.460 0.0153 83.18 41.316 0.5650 0.7895 1.347 
0.148 smooth 
nail 
3932.4 0.0650 -0.0676 1.259 0.0103 142.77 57.475 0.6051 0.8925 1.318 
Stainless steel 
screw 
3905.1 0.0797 -0.6563 1.534 0.0167 160.99 85.327 0.7381 0.7819 1.100 
Carbon screw 4306.5 0.0752 -0.1749 1.310 0.0146 175.58 74.143 0.5429 0.8236 1.136 





2840.5 0.0296 -0.3515 1.112 0.0047 97.31 32.646 1.2205 0.8611 1.239 
0.148 hard 
shoulder nail 
3066.0 0.0755 -0.0573 1.195 0.0080 85.19 32.002 0.8166 0.7710 1.268 
0.162 shoulder 
nail 
3366.8 0.0508 -0.0304 1.089 0.0054 98.87 39.265 0.7500 0.8395 1.318 
0.162 smooth 
nail 
3124.4 0.0375 -0.0315 1.258 0.0053 114.33 40.706 1.2549 0.8614 1.305 
0.162 ring nail 2790.8 0.0744 -0.0528 1.203 0.0077 72.15 36.291 0.8590 0.7423 1.304 
0.203 ring nail 2953.2 0.0853 -0.0766 1.188 0.0134 108.97 41.925 0.7876 0.8132 1.254 
New DSV screw 3193.2 0.0768 -0.1033 1.134 0.0089 72.01 32.184 0.8050 0.7442 1.285 
DSV screw 2901.3 0.0709 -0.0659 1.147 0.0061 68.81 27.421 0.8057 0.7719 1.298 
Stainless steel 
screw 
3450.5 0.0703 -0.0713 1.085 0.0113 90.86 39.280 0.9630 0.7038 1.254 
SIPLD screw 3134.0 0.1114 -0.9843 1.094 0.0286 117.66 38.795 0.7086 0.7294 1.219 
SDWH194 screw 3316.5 0.1023 -0.1815 1.111 0.0128 119.58 38.665 0.8610 0.7485 1.294 
GRK-RSS screw 3117.3 0.1089 -0.1840 1.106 0.0160 131.89 42.247 0.8699 0.7784 1.328 
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Figure C.1. Regression analyses for the 2-in. fasteners with respect to ultimate limit and drift limit results 
from full-scale shear wall tests: a) and b) shank diameter; c) and d) head diameter; e) and f) bend yield 
strength; g) and h) initial stiffness.  
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Appendix D – Sample Calculations for Fastener Yield Modes 
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